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OVERVIEW

The 1997 Seattle Energy Code contains completion and
commissioning requirements for building mechanical
systems in Section 1416 and for lighting controls in
Section 1513.7. For mechanical systems, the comple-
tionrequirementsinclude record drawings, operating
manuals and maintenance manuals, air and hydronic
system balancing, and systems commissioning. For
lighting, the requirements are limited to lighting
controls. Reports are required to be filed with the
owner.

In each case, the Code indicates that the construction
documents shall require certain documentation or
action. The owner receives commissioning documenta-
tion, not the building official. The building official only
checks to be sure that the construction documents
include the appropriate requirements. The building
official does not review the commissioning documents
themselves, nor witness any tests. However, for
complex mechanical systems, a preliminary commis-
sioning report is to be completed prior to the building
official issuing a final certificate of occupancy.

For further information, see the attached list of re-
sources.

BENEFITS OF COMMISSIONING

While Energy Codes specify that the installed equip-
ment and systems must meet certain minimum require-
ments, the expected energy efficiency and energy
savings have not always been achieved. The reasons
vary: defective equipment, poor design, improperly
installed systems, shoddy balancing, and lack of
information for owners and maintenance staff to
operate and maintain the equipment and systems
correctly, etc. Typically, at least several of these

factors contribute to the problems encountered on a
project.

The benefits of completion and commissioning require-
ments in the Code include the benefits of the commis-
sioning process that those who have done commis-
sioning have come to understand well. (See Appendix
C for overviews and case studies.) However, placing
these requirements in the Code carries a new set of
benefits. The requirements serve the interests of
owners, contractors, utilities, architects and engineers.

The operations and maintenance divisions of most
organizations have a difficult time convincing their
capital projects counterparts of the life cycle cost-
effectiveness of commissioning. The most persuasive
approach is to demonstrate the cost-effectiveness. The
Code requirements will create opportunities to demon-
strate the value of commissioning to senior executives
responsible for the O&M and capital budgets. Though
many agree on the need for design intent narratives, it
has proven difficult to convince the design professional
to create these documents. Under the Code require-
ments, the owner will finally receive this vital informa-
tion. More owners will reap the benefits of commission-
ing. Many of them will expand the scope of commis-
sioning beyond that required by the Code.

Contractors who do quality work appreciate the leveling
of the playing field brought about by the Code require-
ments for completion and commissioning. Contractors
who rely on cutting corners to win low bid jobs will soon
learn they cannot make a profit when they are held
accountable for their shortcuts. They will need to
change the way they do business. Reputable contrac-
tors become more cost competitive, and are awarded
more contracts. This results in a higher overall stan-
dard of work, a benefit for all involved.

Electric utilities will be able to meet a greater portion of
their load from their own resources. Reports cited in the
appendices and proceedings from the seven national
building commissioning conferences documentthe
energy benefits of commissioning. However, other
utilities also benefit from efficient use of their products.
Natural gas usage declines for the same reasons
electric consumption decreases. Water use is mini-
mized when cooling towers are properly selected and
adjusted, boiler blowdown is set effectively, and water
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purification systems backwash cycles are adjusted.

Architects benefit from knowing that their consultants
will have to consider operational issues more carefully.
Those architects who already understand the benefits
of commissioning will have an ally in making sure
commissioning is implemented. Their projects will gain
the prestige of working as intended.

Engineers benefit from knowing that there will be fewer
spurious claims about the errors and omissions of their
designs. Many design professionals express frustra-
tion at not being able to persuade their clients to
include commissioning in the projects. When the
design professional writes the narrative of system
operation, they will benefit from the clarification of their
own design intent. As more of their projects undergo
commissioning, they will gain better feedback on how
well their systems operate.

ADMINISTRATIVE ISSUES IN THE
COMMISSIONING PROCESS

For the commissioning process to work well, there
must be an understanding of the goals of commission-
ing and the roles and responsibilities of the various
participants. The Building Commissioning Association
(BCA), an organization devoted to building commis-
sioning, has attempted to address these issues. Their
webpage indicates that “The BCA was initially formed
by building commissioning professionals of the Pacific
Northwest to promote building commissioning in our
region. We believe it is necessary to develop within
our industry a common understanding of what consti-
tutes effective building commissioning. We recognize
the need to establish essential practices that maintain
high professional standards, and fulfill building owners’
expectations.”

As defined by BCA, “The basic purpose of building
commissioning is to provide documented confirmation
that building systems function in compliance with
criteria set forth in the Project Documents to satisfy the
owner’s operational needs. Commissioning of existing
systems may require the development of new func-
tional criteria in order to address the owner’s current
systems performance requirements.”

The current consensus is that the commissioning
process works best when there is a Commissioning
Authority or Commissioning Agent or Commissioning
Provider that works directly for the owner. The BCA
has developed a set of principles for effective building
commissioning for the Commissioning Authority to
abide by that they call the “Essential Attributes of
Building Commissioning”. These principles are

contained on the BCA website (www.bca-nw.org/
attributes.htm) and are reprinted by permission in
Appendix A. While the scope of commissioning
addressed by the “Essential Attributes of Building
Commissioning” is much more comprehensive than
that required by the Seattle Energy Code, the general
principles are still applicable. The BCA also has a
peer review process to ensure that BCA members
follow the principles. (For details of this process, see
www.bca-nw.org/peerrvw.htm.) Inaddition, the
National Environmental Balancing Bureau (NEBB) has a
certification program for Commissioning Authorities.

Commissioning should NOT be a process that starts
after the building is constructed and systems are
installed. For the most successful commissioning, the
Commissioning Authority should be involved as early
in the process as possible, ideally prior to design. In
“Issues in Commissioning Administration, Process,
and Technique — A Case Study Collage” in the Confer-
ence Proceedings of the 7% National Conference on
Building Commissioning, Mike Kaplan reports finding
that “15% to 33% of the deficiencies owed their
existence to the designers. (This includes inadequate
specifications, incompatibility among specified pieces
of equipment, equipment design issues, equipment-
building automation system [BAS] interface design
issues, and specified equipment that does not meet
the design intent, as well as errors and omissions in
the design.)”

The commissioning process needs to include all the
important participants. The control contractor is
another key player for the Commissioning Authority to
work with. Kaplan states that “it is important that the
control contractor participate in all commissioning
meetings. In every project I've ever seen, controls
have been involved in at least half of the commission-
ing issues. These can not be resolved without partici-
pation of the control contractor.” However, this does
not need to be an adversarial relationship. Kaplan
continues that “the control contractor can be an
invaluable source of help in understanding program
code, navigating BAS, achieving remote access via
modem, and so forth. My experience is that they are
usually happy to assist with these things since they
gain so much from the commissioning agent’s testing
andtroubleshooting.”

For a smooth process, the Commissioning Authority’s
responsibilities should be clearly spelled out. Failing
to do this can create difficulties. Kaplan indicates that
there can sometimes be a “gray area in interpreting
and assigning responsibility for correction of problems.
Unless the commissioning agent is seen as unbiased
by all parties involved, it is unlikely that they will
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accept his interpretation of problems.” Recommenda-
tions for commissioning scope titled “Valuable Ele-
ments of Building Commissioning” are contained on
the BCA-NW website (www.bca-nw.org/attributes.htm)
and are reprinted by permission in Appendix B.

Owners have an important role in the process. Owners
should be aware that preparing a budget can be a
challenge for a commissioning agent. Kaplan esti-
mates that “at least 2/3 of the commissioning budget
is highly dependent on factors beyond the commis-
sioning agent’s control. These factors include contrac-
tor performance, cooperation among the various
commissioning team members, expanded construction
schedules, design changes, expanded scope of
testing, test repeats, and so forth...The discrepancy
between expected and actual costs tends to be
greatest when one or more members of the commis-
sioning team are new or resistant to the commissioning
process.” Consequently, it is in the owner’s best
interest to set the tone and expectations for all partici-
pants from the start. Further, Kaplan emphasizes that
“the owner must stay involved in the commissioning
process no matter how long it takes to resolve all
issues and deficiencies”.

Finally, there is the question of the “price” of commis-
sioning. Obviously, initial costs will vary depending on
the extent to which the owner wants the commissioning
agent involved in various aspects and phases of
design, construction and completion. In terms of net
costs, however, the title of an article by Carl Lawson in
the January 1996 issue of the ASHRAE Journal an-
swers this question succinctly: “The Price of Commis-
sioning Equals Cost Savings”. All owners and users
want a building and systems that work. Commission-
ing helps ensure that they have this from the beginning
of occupancy rather than after a period of 3-5 years of
a piecemeal process trying to correct problems after
designers and contractors are gone. Itis much more
efficient and much less costly for the original design-
ers, manufacturers, and installers to resolve the issues
working with a competent commissioning agent, than it
is for building occupants to suffer through an unhealthy
or uncomfortable work environment with the associated
disruptions and loss-of-productivity.

COMMISSIONING RESOURCES

There are many resources available to provide guid-
ance on commissioning. Portland Energy Conservation
Inc. (PECI, 921 SW Washington Street,

Suite 312, Portland OR 97205, phone: 503-248-4636;
fax: 503-295-0820; e-mail: peci@peci.org; website:
www.peci.org) has been the organizer for the National
Conferences on Building Commissioning and is known
as one of the leaders in the field. In addition to
conference proceedings, the PEClwebsite references
many useful documents and provides links to ones
that can be downloaded.

e Alisting of Overviews and Case Studies is
contained on the PECI website (www.peci.org/
cxoverviews.html) and is reprinted by permission
in Appendix C.

e  Alisting of Procedural Guidelines, Specifications,
and Functional Tests is contained on the PECI
website (www.peci.org/cxguides.html) and is
reprinted by permission in Appendix D.

e A summary of the Model Commissioning Plan and
Guide Specifications is contained on the PECI
website (www.peci.org/cxmcpgs.html) andis
reprinted by permission in Appendix E.

e Alisting of Web Sites with Commissioning Infor-
mation and Documents is contained on the PECI
website (www.peci.org/cxweblinks.html) and is
reprinted by permission in Appendix F.

The Oregon Office of Energy (503-378-4040) has a
website that contains:

*  An overview of commissioning, its benefits, and
links to Oregon case studies and reports
(www.cbs.state.or.us/external/ooe/cons/
bldgcx.htm)

e A page titled “Commissioning Finds and Fixes
Problems That Cost Building Owners and Employ-
ers Money” that cites costs and savings from
commissioning for projects in Oregon
(www.cbs.state.or.us/external/ooe/cons/
commiss.htm)

Other resources include issues from the past 10 years
of the ASHRAE Journal and ASHRAE Transactions
(peer-reviewed papers)which have published numer-
ous articles and papers on various aspects of commis-
sioning. (Available from ASHRAE, 1791 Tullie Circle
NE, Atlanta, GA 30329 at 404-636-8400,
www.ashrae.org.)
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SEATTLE ENERGY CODE
REQUIREMENTS FOR COMPLETION AND
COMMISSIONING

The Seattle Energy Code requirements for completion
and commissioning are summarized below on a
section-by-section basis. Complying with these
requirements may entail lengthy text which designers
may wish to locate in the specifications. However, the
drawings submitted with the permit application must,
at a minimum, contain notes that the project will
comply with the various Seattle Energy Code require-
ments in Sections 1416 and 1513.7.

Sample text for acceptable notes and
recommendations for where to place these notes
on the drawings submitted with the permit
application are contained in Appendix G.

Record Drawings

Seattle Energy Code Section 1416.1 Drawings: This
subsection requires record drawings be provided to
the owner within 90 days after system acceptance.

1416.1 Drawings: Construction documents shall
require that within 90 days after the date of system
acceptance, record drawings of the actual installa-
tion be provided to the building owner. Record
drawings shall include as a minimum the location
and performance data on each piece of equipment,
general configuration of duct and pipe distribution
system, including sizes, and the terminal air and
water design flow rates.

Obtaining record drawings frustrates many owners. If
completed at all, they arrive too late to be useful as a
learning and diagnostic tool for the O&M staff, and are
frequently nothing more than restamped bid docu-
ments. The Code requires timely delivery of these
documents and defines minimum content.

The intent of the Code is to require drawing notes that
call for the contractor to produce timely record draw-
ings. Drawing notes should direct the contractor to
update equipment schedules to reflect make, model,
performance data, and equipment nomenclature to
match field labeling of actual installed equipment (in
contrast to specified or basis of design equipment).
Drawings should show accurate locations of equipment
which requires maintenance, labeled with equipment
nomenclature to match field labeling. This is particu-
larly important for control system components such as
sensors, valves, dampers, relays and control boards
and panels.

Operating Manuals and Maintenance Manual

Seattle Energy Code Section 1416.2 Manuals: This
subsection requires that an operating manual and
maintenance manual be provided to the owner.

1416.2 Manuals: Construction documents shall
require an operating manual and maintenance
manual be provided to the building owner. The
manual shall be in accordance with industry
accepted standards and shall include, at a mini-
mum, the following:

1. Submittal data stating equipment size and

selected options for each piece of equipment

requiring maintenance.

2. Operation and maintenance manuals for
each piece of equipment requiring mainte-
nance, except equipment not furnished as part
ofthe project. Required routine maintenance
actions shall be clearly identified.

3. Names and addresses of at least one
service agency.

4. HVAC controls system maintenance and
calibration information, including wiring dia-
grams, schematics, and control sequence
descriptions. Desired or field determined set
points shall be permanently recorded on
control drawings at control devices, or, for
digital control systems, in programming
comments.

5. A complete narrative of how each system is
intended to operate including suggested set
points.

(Also, note that the Mechanical Code Section 302.1
also requires that “Installers shall leave the
manufacturer’sinstallation and operating instructions
attached to the equipment.”)

Drawing notes should direct the creation of a project or
systems manual. The manual contains a design intent

narrative, an operating manual, a maintenance manual,
contact information for local service organizations, and
copies of approved submittal data and shop drawings.

The design intent narrative, created by the design
engineer and updated by the installing contractor,
describes how each system is intended to operate,
including suggested setpoints. The design intent
narrative is an introduction to the operating manual.
Organization of both documents should be parallel,
and should be presented by logical system groupings
instead of CSlI specification titles. A general informa-
tion section of the operating manual should describe
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building description and function. It should also
contain general operating parameters such as air and
water system setpoints, and ventilation rates. The
technical information section of the operating manual
describes normal operating procedures, system
interfaces with other equipment and systems,
seasonal start-up and shut down of equipment and
systems, change of operating modes, special and
emergency procedures, and troubleshooting.

The maintenance manual addresses equipment
inventory and maintenance program needs. Informa-
tion included should be: Descriptions of equipment;
original purchase order number, date, vendor contact
and warranty information; equipment function,
capacity and performance data; recommended spare
parts inventory; installation information; recom-
mended maintenance schedules and procedures;
and contact information for local manufacturer-
authorized service organizations. Copies of ap-
proved equipment submittals should also be in-
cluded.

Mechanical System Balancing

Seattle Energy Code Section 1416.3 System
Balancing: This subsection requires that HYAC
systems air and water flows be balanced to within
10% of design rates. The owner receives a written
balance report.

1416.3 System Balancing

1416.3.1 General: Construction documents
shall require that all HVAC systems be balanced
inaccordance with generally accepted engineer-
ing standards. Air and water flow rates shall be
measured and adjusted to deliver final flow rates
within 10% of design rates, except variable flow
distribution systems need not be balanced
upstream of the controlling device (for example,
VAV box or control valve). Construction docu-
ments shall require a written balance report be
provided to the owner.

1416.3.2 Air System Balancing: Air systems
shall be balanced in a manner to first minimize
throttling losses then, for fans with system power
of greater than 1 hp, fan speed shall be adjusted
to meet design flow conditions.

1416.3.3 Hydronic System Balancing: Hy-
dronic systems shall be proportionately bal-
anced in a manner to first minimize throttling
losses, then the pump impeller shall be trimmed
or pump speed shall be adjusted to meet design
flow conditions. Each hydronic system shall have
either the ability to measure pressure across the

pump, or test ports at each side of each pump.
EXCEPTIONS:
1. Pumps with pump motors of 10 hp or less.
2. When throttling results in no greater than 5%
of the nameplate horsepower draw above that
required if the impeller were trimmed.

The Code requires balancing, “in accordance with
generally accepted engineering standards.” Drawings
should reference current standards of organizations
such as the Associated Air Balance Council (AABC),
National Environmental Balancing Bureau (NEBB), or
ASHRAE. These organizations provide instrumentation,
procedural and reporting guidelines. The designer
must call out the accuracy of balancing, within ten
percent under this Code.

Mechanical System Commissioning

Seattle Energy Code Section 1416.4 Systems
Commissioning: Requirements in this subsection are
subdivided into “Simple Systems” and “Other Sys-
tems.” For “simple systems” (packaged equipment as
listed in Section 1421 of the Energy Code, as well as
systems in warehouses and semiheated spaces), control
systems are to be tested and a complete report of test
procedures and results is to be filed with the owner.
For “other systems,” plans and specifications need to
more specifically identify tests and criteria for accep-
tance. A preliminary commissioning report is to be
prepared prior to issuance of the final certificate of
occupancy for the building. A final, complete report of
test procedures and results is to be filed with the
owner.

1416.4 Systems Commissioning

1416.4.1 Simple Systems: For simple systems,
as defined in Section 1421, and for warehouses
and semiheated spaces, HVAC control systems
shall be tested to ensure that control devices,
components, equipment and systems are cali-
brated, adjusted and operate in accord with
approved plans and specifications. Sequences of
operation shall be functionally tested to ensure
they operate in accord with approved plans and
specifications. A complete report of test proce-
dures and results shall be prepared and filed with
the owner. Drawing notes shall require commission-
ing in accordance with this paragraph.

1416.4.2 Other Systems: All other HVAC control
systems, and other automatically controlled
systems for which energy consumption, perfor-
mance, or mode of operation are regulated by this
code, shall be tested to ensure that control de-
vices, equipment and systems are calibrated,
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adjusted and operate in accord with approved
plans and specifications. Sequences of operation
shall be functionally tested to ensure they operate
in accord with approved plans and specifications.
1416.4.2.1 Documentation: Drawing notes shall
require commissioning in accordance with this
section. Drawing notes may refer to specifications
for further commissioning requirements. Plans and
specifications shall require tests mandated by this
section be performed and the results recorded.
Plans and specifications shall require preparation
of preliminary and final reports of test procedures
and results as described in 1416.4.2.2. Plans and
specifications shall identify the following for each
test:

1. Equipment and systems to be tested,
including the extent of sampling tests,
2. Functions to be tested (for example
calibration, economizer control, etc.),
3. Conditions under which the test shall be
performed (for example winter design
conditions, full outside air, etc.),
4. Measurable criteria for acceptable
performance.
1416.4.2.2 Commissioning Reports
1416.4.2.2.1 Preliminary Commissioning
Report: A preliminary commissioning report of test
procedures and results shall be prepared. The
preliminary report shall identify:

1. Deficiencies found during testing required
by this section which have not been cor-
rected at the time of report preparation and
the anticipated date of correction.
2. Deferred tests which cannot be performed
at the time of report preparation due to
climatic conditions.
3. Climatic conditions required for perfor-
mance of the deferred tests, and the antici-
pated date of each deferred test.
1416.4.2.2.2 Final Commissioning Report: A
complete report of test procedures and results
shall be prepared and filed with the owner.
1416.4.2.3 Acceptance: Buildings or portions
thereof, required by this code to comply with this
section, shall not be issued a final certificate of
occupancy until such time that the building official
determines that the preliminary commissioning
report required by this section has been
completed.
For “simple systems” such as a small air-cooled
constant-volume packaged unit, typical functional tests
include: calibration of sensors, proof of switch and
actuator function, verification of balancing, refrigeration

circuit operation, and sequence of control for schedul-
ing and space condition control. These systems
require special attention in recognition that they
frequently get the least attention from designers and
installers who may have the least familiarity with
commissioning.

For “other systems” such as a VAV system with fan
powered mixing boxes, functional tests typically
performed include: calibration of sensors, proof of
switch and actuator function, factory start-up of central
equipment, verification of balancing, heating and
cooling loop equipment and system functions, boiler,
refrigeration circuitand heat exchanger operations, and
sequence of control for scheduling and space condi-
tion control under various loads and in all seasons. The
diversity of systems and sequences of operation for
these systems make it impossible to provide a com-
plete list in this document. See the list of references
later in this document.

Lighting Control Commissioning

Seattle Energy Code Section 1513.7 Commission-
ing Requirements: This subsection requires that all
lighting system controls be tested for functionality and
sequence of operation. A complete report of test
procedures and results is to be filed with the owner.

1513.7 Commissioning Requirements: For
lighting controls which include daylight or occupant
sensing automatic controls, automatic shut-off
controls, occupancy sensors, or automatic time
switches, the lighting controls shall be tested to
ensure that control devices, components, equip-
ment and systems are calibrated, adjusted and
operate in accord with approved plans and specifi-
cations. Sequences of operation shall be function-
ally tested to ensure they operate in accord with
approved plans and specifications. A complete
report of test procedures and results shall be
prepared and filed with the owner. Drawing notes
shall require commissioning in accordance with
this paragraph.

Lighting control commissioning has a significant
impact on energy consumption. Other aspects of
lighting and motors addressed by this chapter of the
Code are less prone to functional deficiencies. Func-
tions of the lighting control system to be functionally
tested include: daylighting controls, occupant and
daylight sensor calibration, adjustment and operation.
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FOR FURTHER INFORMATION

For projects within the Seattle city limits, further
information on the Seattle Energy Code requirements
is available from the DCLU Energy Code Technical
Support Line at (206) 684-7846, available from 1:00-
4:15 p.m., Monday-Friday. Or visit the Energy Code
website at www.cityofseattle.net/dclu/energy.

ﬂks to electronic versions of DCLU Client \

Assistance Memos (CAMSs), Director's Rules, and
the Seattle Municipal Code are available on the
"Publications" and "Codes" pages of our website at
www.cityofseattle.net/dclu. Paper copies of
these documents are available from our Public
Resource Center, located on the 20th floor of Key
Tower at 700 Fifth Avenue in downtown Seattle,

(206)684-8467. /
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APPENDIX A

Essential Attributesof Building Commissioning

BCA considersthefollowing attributesto be so fundamental to effective building commissioning that all members
agree in writing to adhere to them whenever they serve as a project’s Commissioning Authority:

1.

2.

ok

The Commissioning Authority (CA) isin charge of the commissioning process and makesthe final
recommendations to the owner regarding functional performance of the commissioned building systems.

The CA isan objective, independent advocate of the Owner. If the CA’s firm has other project responsibilities,
or is not under direct contract to the Owner, a conflict of interest exists. Wherever this occurs, the CA
discloses, in writing, the nature of the conflict and the means by which the conflict shall be managed.

In addition to having good written and verbal communication skills, the CA has current engineering knowledge,
and extensive and recent hands-on field experience regarding:

a. Buildingsystemscommissioning,

b. Thephysica principlesof building systems performance and interaction,

c. Buildingsystemsstart-up, balancing, testing and troubl eshooting,

d. Operation and maintenance procedures, and

e. Thebuilding design and construction process.

For each project, the commissioning purpose and scope are clearly defined in the CA contract.

The CA recommends the commissioning roles and scope for all members of the design and construction teams
beclearly definedin:

a. Each design consultant’s contract,

b. The construction manager’s contract,

c. General Conditionsof the Specifications,

d. Eachdivision of the specifications covering work to be commissioned, and

e. The specifications for each system and component for which the suppliers support isrequired.

Each project is commissioned in accordance with awritten commissioning plan that is updated as the project
progresses. The commissioning plan:

a. ldentifiesthe systemsto be commissioned,

b. Definesthe scope of the commissioning process,

c. Defines commissioning roles and lines of communications for each member of the project team, and

d. Estimatesthe commissioning schedule.

On new building commissioning projects, the CA reviews systemsinstallation for commissioning rel ated i ssues
throughout the construction period.

All commissioning activities and findings are documented as they occur. These reports are distributed as they
are generated, and included in the final report.

Thefunctional testing program objectively verifiesthat the building systems perform interactively in accordance
with the Project Documents. Written, repeatable test procedures, prepared specifically for each project, are
used to functionally test components and systemsin all modes of operating conditions specified for testing.
These tests are documented to clearly describe the individual systematic test procedures, the expected systems
response or acceptance criteria for each procedure, the actual response or findings, and any pertinent
discussion.

10. The commissioning authority provides constructiveinput for the resolution of system deficiencies.
11. Every commissioning project isdocumented with acommissioning report that includes:

a. Anevauation of the operating condition of the systems at the time of functional test completion,
b. Deficiencies that were discovered and the measures taken to correct them,

¢. Uncorrected operationa deficiencies that were accepted by the owner,

d. Functional test procedures and results,

e. Reportsthat document all commissioning field activitiesasthey progress, and

f. A description and estimated schedule of required deferred testing.

Sour ce: Building Commissioning Association Webpage at http://mww.bca-nw.org/attributes.htm
Pagelast modified: 10May 1999
Copyright © 1999 Building Commissioning Association
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APPENDIX B
Valuable Elements of Building Commissioning

Buildingcommissioningisof greatest val uetotheowner whenit provides, throughout themany phasesof design
and construction,ameansof continuously communicatingtheir buildingsystemscriteriaandrigoroudy verifying
compliancewiththese. Inorder toaccomplishthisBCA-NW recommendsthat thebuil ding commissioning
scopeincludethefollowingel ements.

1. Priortodesign, assisttheOwner ineval uatingthefacility’ srequirementsregarding suchissuesasenergy
conservation, indoor environment, staff trai ning, and operationand maintenance.

2. Review al phasesof designand constructiondocumentsfor:

a. Compliancewithdesigncriteria,

b. Commissioningrequirements,

c. Biddingissues,

d. Constructioncoordinationandinstallationconcerns,

e. Performanceaspects, and

f. Facilitationof operationsand mai ntenance, includingtrainingand documentation.

Review theequipment submittal sfor compliancewithcommissioningissues.

V erify or managethescheduling and proceduresusedfor system start-up.

Verify that thetrainingfor theowner’ soperating staff isconductedinaccordancewiththeproject

documents.

Verify that theoperations& mai ntenancemanual scomply withthecontract documents.

Prior toexpiration of theconstructioncontract warranty, assisttheownerin ngsystems' performance

andaddressingrelatedissues.

akw

N o

Sour ce: Building Commissioning Association Webpage at http://mww.bca-nw.org/attributes.htm
Pagelast modified: 10May 1999
Copyright © 1999 Building Commissioning Association
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APPENDIX C
Commissioning Resour ces

Overviews and Case Studies

Building Commissioning: The Key to Quality Assurance. USDOE Rebuild America/ PECI., 1998.
Commissioningretrofitsand existingbuildings. overview, processand casestudies. 68 pp. 1-800-363-
3736.

Commissioning For Better Buildingsin Oregon. Oregon Office of Energy / PECI, 1997. New
constructionoverview, benefits, processand casestudies. 44 pp. (Availableat Web site).

What Commissioning Can Do For Your Building. PECI, 1997. Commissioning overview and report of
175building casestudies. 12 pp. 503-248-4636.

Commissioning Four New Science Laboratory Buildings (U. of WA). Bonneville Power Admin. /
PhoebeCaner, 1997. Commissioning casestudieswithdetailed” |essonslearned” informationinall sections.
~70 pp. 503-230-7334.

Commissioning the Physics/Astronomy Building Control System (U. of WA). Bonneville Power /
Phoebe Caner, 1996. Commissioning casestudy and report withlessonslearned. ~110 pp. 503-230-
7334,

Source: Portland Energy Conservation, I nc. (PECI) Websiteat http://mww.peci.or g/cxover views.html
Pagelast modified: 26 M ay 1999
Copyright ©1999PECI
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APPENDIX D
Commissioning Resources

Procedural Guidelines, Specifications,
and Functional Tests

Back 1o Commissianing Resayrtes

Hotes: Bl denotes that the documenits are 2vailabse on slectrande disk, b =
for design phase. € = e construction phése, ALL CAPS dencies document |5
mare camprehensye than lower case. Documents e lsiod masest 1o

oldast, Last updated: Apnil 27, 1958

Guide Sample

Bocument and Source Guidelines
Spacs  Tests
Model Cormmissioning Plan and Guide Some YES pi= "
Comitissianing Specifications, USDOE/PECI, B c ] = |

1907, NTIS: # DE 97004564
A00-553-6847.
fdvailable at PECI's Web site.

Eurldimg Comvmlasianing Guide, U5, Genaral Yeas Mo Mo
Services Administration and USDOE, 1995, o,cH

revised in 1997, Version 1 by Enwvirg=

Management & Research, Inc.

Availabie at USDOE/FEMP Wek site.

The HVAC Commissioning Pracess, ASHRAE Yos Some Mo
Guideline 1-1996, 1995, d, C d, ¢

ASHRAE Publications Dept., 1791 Tullie

Circle, NE, Atlanta, GA 30329,

The Building Commiissioning Handhook, The YES YES Mo
Assaciation of Righer Education Facilities 4. C i

Dfficers (APPAY, written by John Heing and

Rick Casault, 1906

APPA, 1643 Prince Streat, Alaxandria, WA

22314,
Engineerimg amd Design Systems Some Some M
Commissioning Frocedures, LS. Army Conps d, c d, c

of Enginesrs, 1995 (ER 1110-3£5-723%.
Department of the Army, LS. Army Corps of
Enginaers, Washingbon, DC 20314- 10040,

Camimissicing Specificalions, C-2000 Mo YES Mo
Program, Canada, 1995, el =

C=2000 Program, Energy Mines & Resourcss,

Energy Effidency Division, 7th Flaor, 580

Booth 5t., Ottawa, Ontarie, Canada K14 084,

Mode! Construction Docwumant Specifications Ma YES Soma
and A/E Senvices Contract Clauses, ol = |
Bonneville Power Administration/Jahn Heing,

Li. of Wa, 1995,

503-230-7334,

Available at the Univ, of Washington Web

Site.
Commissioning Guidelines, Instructions for Veg Ma Mo
Architects and Enginears, State af d, ¢

Washington, 1995,
Dept. of General Administration, Div, of
Engineering f Architectursl Services, {360}
a0z-7272.

Sour ce: Portland Ener gy Conservation, I nc. (PECI) Websiteat http://mww.peci.org/cxguides.html Pagelof 2
Pagelast modified: 27 M ay 1999 Copyright ©1999PECI
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APPENDI X D, cont.

Conmmissioning of HVAC Systevms, SR SO Some
sefninar/workshon training materials, niw, C C

of Wiscargn, Madsan, 1594,

BOD-462-0876 or G0B-262-2061

Labarabory HVAC Spsteme: Design, s M Mo
Valigationr amd Covmmigsisaing, ASHIAE C

collection of 11 pagers, 1554,

ASHRAE Publications Dept., 15791 Tullie:

Cirgle, ME, Adanta, GA 30329,

Commissioning Smake Management Yaos W iy
Sychams, ASHRAE Guidaiine §-1904, ASHRAE d, c

Publications Dept., 1791 Tullie Circle, NE,

Ablanta, GA 30329,

Standand HWAC Contral Spatems Mo Mo Yas
Commyssianing snd Quality Verfiication Lser

Guste, U5, Army Const. Enginearing

Riesearch Laboratories, 1994,

Fatilities Engineering Applcations Program,

L5, Army Enginpering and Housing Support

Center, Ft, Balvolr, WA 22060-5516. FEAP-

LG={E=04/ 10,

Cortractor Quality Contral ang g YES  Someld
Comméssianing Program —Guideines and cH g = |
Specification, Montgomery To. Gov., St af

Maryland, 1993,

301-Z217-6071.

Procagural Siandands for Gaiding Systans Yas Soma Soms
Comrmissianing, National Enwironmantal d. d,

Balancing Bureau (NEBB), 19%3. NEBB, 13385
Piocard Drive, Rockville, MO 20850,

301 -577-3693
HIAC Systems Commissioning Manua!, Shaet g Sarmea Same
Metal and Air Conditloning Conractors’ c -

Mational Asseclation (SMACHA) 1595
SMACNA, 4201 Lafayvetie Center Dr.,
Chantilly, Wa 22021,

Gide Specificalion for MWEry Consirickan— MHa Sanmes YES
Commissiomimg of HIFAD Spstams, ol
Dapartrment of the Army, LS. Ay Corps of

Enginesrs, January, 1993,

Washington, DC 20314- 1000

Covrmssioni g Guide, Public Warks Canada, Sama Yes N
Western Region, 1993, d d, C
403-497-3770.

Brukaing Sovmvrissiormihg Guraelimes, YES Samie SOme
Bonneville Powar Administration/PECH, 1992, d, C '
503-230-7334,

HYAL Funchional fnspaction and Teshing Mo '+ YES

Gavde, .5, Dept. of Commearce and the
Ganeral Services Administration, 1993,
NTIS: A00-553-684 7,

Thermal Energy Storage (TES] Yes Mo Yig
Commissioning Goidelinaes, California '

[natitute for Energy Efficiancy, San Diago

Ctate University, 1991,

San Mago State Unlversity, Emergy

Engireering Institute, San Diega, CA 92182

AABC Mastar Specification, Associated Air Mo Yas Mo
Balanca Council d, C=
[Primarily far how the TAR fits inbo the

oommissianing prooess)

AMABC Mational Headguartars, 202-737-0202.

Sour ce: Portland Ener gy Conservation, I nc. (PECI) Websiteat http: //www.peci.or g/cxguides.html Page?2of 2
Pagelast modified: 27 M ay 1999 Copyright ©1999PECI
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APPENDIX E

PECI

Commissioning Resources
Model Commissioning Plan and Guide
Specifications

A complete toolkit of materials to incorporate
building commissioning Into your project!

Version 2.05 (February 1998}

Esck to Commisskning Resources

On this page: Benefits | Overview | Audlence | Download |
Credits

Benefits

« Dbtain an expert commissioning provider through the
comprehensive commissioning services solicitation,

« Minimize system defidencias by using the degign phase
commissioning reguirermnents.

« Experience seocessiul QA during construction by
incorporating the datailed anforceable specifications.

= Enjoy a smmooth building turmover by using the systematic
Commissioning procedurss,

« Start TODAY using the fully editable electronic document
forrmat.

Overview

The Maded Commissioning Plan and Gulde Specifications
details the cammissioning process for new eguipment during
bath the design #nd construction phases for larger projects,
Going beyond commissioning guidelines, the document provides
boilerplate language, content, format and farms for specifying
and executing commilssioning. The document geswerally builds
upon The HYAC Commissioning Process, ASHRAE Guideline 1,
1996, with significant additional detail, clarfication amd
inkbarpretation added. The document contains four parts, totaling
ower 500 pages;

Part I. Commissioning Requirements—Design Phase
Commissioning reguirements of the design team, including a full
solicication for commissioning servioes,

Part II. Model Commissioning Plan—Design Phase

Detailed commissioning boilerplate plan for commissioning
during desian. including desian intent and asis of desian formeat
far 15 syabem types.

Part ITL. Commissioning Guide Specifications
Comprehensive guide specifications by specification section,
covering protocals, procedures, and responsibilities of all parties.
Indudes complete specification language for Divisions 1, 15, 16
and 17, This part includes besting requirements fior 15 system
types. Also included are detailed prefunctional checklists for 20
types of equipment and example functonal test procedures far
30 system bypes.

Part IV, Model Commissioning Plan—Construction Phase
Modular boilerplate commissioning plan with 30 representative
farms to facilitate the commissioning process,

Source: Portland Energy Conservation, I nc. (PECI) Websiteat http: //www.peci.org/cxmepgs.html

Pagelast modified: 27 May 1999

Pagelof 3

Copyright ©1999PECI
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APPENDI X E, cont.

Audience

Chwners

Prowvides owners with a commissioning process they can direct
their design and construction t2ams to incorperate. The
document also provides a full commissioning services solicitation

RFP.

ASE

Architects and enginasrs can use the document be guide them
thraugh the commissioning process during bBoth deslgn and
construction, Induding the development of commissioning
specifications, Boilarplate language has been provided
electranically o ease the customizing process,

Commissianing Providers
Commissicning providers can wse the design and construction
phase boilerplate commissioning plans for developing site-
specific plans. The guide commissioning specifications will assist
the commissioning provider In developing site-specific
specifications, Construction-phase commissioning forms hawve
been provided, as well as prefunctional and example functional

tesks.

Project Managers
Building construction and project managers can use the

document to learn how the process is structured, the typical
documentation required and the management protocols that

may be used.

All EXE files are self-extracting archives that contain
Word 6.0 documents and/or Excel 5.0 worksheats created
under Windows. Other files are as noted.

Ta download &
file, click Its file
nama,

Depanding on
yawr birgwser
and it

sempai ated
“Trsper™
applicalions, you
may naed o LsE
an altermate
methpd ko
dowvirdaad, Right-
click the link
than solect Sava
Link As
[Melssapa) or
Save Targel As
(Irtarmeak
Explarer].

Printed copy:

readme.txt

spechplin.exe

cxtests. exe

history.doc

alldocs.exe

Instructions for extracting
downloaded files

5 Kb, ASCIT text file

Model Commissioning Plan
and Guide Spacification
Wersion 2.05, February 1998
95 Kb

Sample functional tests
and checklists

Version 2.05, February 1998
200 Kb

Revigion history
21 Kb, Word 6.0 document

All flles in one compressed
archive
1428 Kb

Version 2.04 of this document is avallable printed and bownd
(without any section dividers) from the National Technical
Information Service (MTLS). Call NTIS at 1-800-553-6847 and
request document ID# DEIT7004564.

Sour ce: Portland Energy Conservation, I nc. (PECI) W ebsiteat http: //mmw.peci.org/cxmepgs.html

Pagelast modified: 27 M ay 1999

Page2of 3
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APPENDI X E, cont.

Cradits

Vergions 1.0 throwgh 2.04 Sponsored by:
Us Department of Energy

Seattle Regional Support Office

BOD Sth Ave., Suite 2850

Seattle, WA 98104

Versian 2.05 Modifications Sponsored by:
Cregon Office of Energy

G625 Marion Streat NE

Salem, OR 97310

and

Portland Energy Conservation, Inc.

Prepared By:

Partland Energy Conservation, Inc, (FECI)
%71 SW Washington, Suite 312

Partland, OR 97205

TEL: S03-248-44636

Fax: Z03-295-04820

EMAlL: peci@peci.omg

February 195E

Wargion 2.04 was diggributed by PECI im 1557 and by USDOE In 1598, with
USEOE referancad Intha fealér of each Ale, Since that version, changes and
additions have been madi by PEC] willliaul réneisy by LSDOE, Subsepeently
im Version 2,05 the refercmoe to USDOE has been removed fram [he foatars,
Individual files. may have besn updated without changing thae overall versien
Frambir, AR up-te-date Festory of changes |5 fourd in Ehe file hisbony.doc.

Wersion 2.04 ks available oo the USEOE web site at
www. eren. o govfermpftechassist/bldgeomgd, ktmi,

Sour ce: Portland Energy Conservation, I nc. (PECI) W ebsiteat http: //mmw.peci.org/cxmepgs.html Page3of 3
Pagelast modified: 27 M ay 1999 Copyright ©1999PECI
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APPENDIX F

Commissioning Resour ces
Web Sites with Commissioning | nformation and Documents

BuildingCommissioningAssociation

www.bcxaorg

Profess onal associ ationthet promotesbuil ding commiss oning practi cesthat maintain high professional
standards, andfulfill buildingowners' expectations. Several documentsavailable.

Commissioning SpecialistsAssociation of Great Britain
www.cisge85.demon.co.uk/csa
I nformationontheassociation’ spurposeandservices

FloridaDesignInitiative

http://sustainable gate.fl.us/fdi/edes gn/resourceftotal bex
Ongoingarticles& forum

NEBB
www.nebb.org/bsc-man.htm
Certificationprogramandmanuas

Oregon Officeof Energy

www.chs.state.or.us/external/ooe/cons/bldgex.htm

Benefitsof Commissioning, casestudy, tool kit of new and exi sting commi ssioning applicationmaterialsandthe
full text of Commissioning for Better Buildingsin Oregon

TexasA&M Energy SystemsLab
www-ed .tamu.edu
Retro-commissioning processand software, for sale

Univer sity of Washington
depts.washington.eduw/fsesweb/fdi
University Commissioningguidespecifications

USDOE/FEMP

www.eren.doe.gov/femp/techass st/bldgcomgd.html

Full text of GSA/USDOE Building Commissioning Guide; early version of Model Commissioning Planand
Guide Specifications

Sour ce: Portland Ener gy Conservation, I nc. (PECI) Websiteat http: //mwww.peci.or g/cxweblinks.html Pagelof 1
Pagelast modified: 26 M ay 1999 Copyright ©1999PECI
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APPENDIX G

Sample Text on Seattle Energy Code Completion and Commissioning Require-
ments to Include on Drawings Submitted with Permit Applications

Complying with the Seattle Energy Code completion and commissioning requirements in Sections 1416 and 1513.7
may entail lengthy text which designers may wish to locate in the specifications. However, the drawings submit-
ted with the permit application must, at a minimum, contain notes indicating that the project will comply with the
various Seattle Energy Code requirements in Sections 1416 and 1513.7. The following sample notes are consid-
ered adequate to comply with the completion and commissioning requirement for mechanical systems and for

lighting controls.

If the applications is combined building and mechanical, it is recommended that the following notes with the

mechanical commissioning requirements be placed on sheet M-1 or the first available M sheet.

¢ |f the application is mechanical permit only, it is recommended that the notes with the mechanical commission-
ing requirements be placed on the cover sheet or sheet M-1.

¢ If the application is for building permit (with or without mechanical), it is recommended that the notes with the
lighting control commissioning requirements be placed on sheet E-1 or, if no E sheet, then on the reflected

ceiling plan of the A sheets.

¢ |f the application is for electrical permit, it is recommended that the notes with the lighting control commission-

ing requirements be placed on the first lighting sheet.

M echanical

Lighting

Completionand Commissioningfor
Mechanical Systems

Record drawings of the actual installation shall be provided
to the building owner within 90 days of the date of system

acceptance per Seattle Energy Code (SEC) Section 1416.1.

An operating manual and maintenance manual shall be
provided to the building owner per SEC Section 1416.2.

All HVAC systems shall be balanced and a written balance
report shall be provided to the owner per SEC Section
1416.3.

For warehouses, semiheated spaces, and simple systems
(as defined in SEC Section 1421): HVAC controls systems
shall be tested, calibrated and adjusted, sequences of
operation shall be tested to ensure that they operate in
accord with specifications and approved plans, and a
complete report of test procedures and results shall be filed
with the owner per SEC Section 1416.4.1.

For all other systems: HVAC control systems shall be
tested, calibrated and adjusted, sequences of operation
shall be tested to ensure that they operate in accord with
specifications and approved plans per SEC Section
1416.4.2; necessary tests shall be identified per SEC
Section 1416.4.2.1; a preliminary commissioning report of
test procedures and results shall be prepared prior to
issuance of a final certificate of occupancy per SEC
Section 1416.4.2.2.1 and 1416.4.2.3; and a complete final
commissioning report of test procedures and results shall
be filed with the owner per SEC Section 1416.4.2.2.2.

Commissioningfor LightingControls

For lighting controls that include daylight or occupant
sensing automatic controls, automatic shut-off controls,
occupancy sensors, or automatic time switches: the
lighting controls shall be tested, calibrated and adjusted,
sequences of operation shall be tested to ensure that they
operate in accord with specifications and approved plans,
and a complete report of test procedures and results shall
be filed with the owner in accordance with Seattle Energy
Code Section 1513.7.




